Coupling imaging spectroscopy and ecosystem process modelling: the importance of spatially distributed foliar biochemical concentration estimates for modelling NPP of grassland habitats by Psomas, A et al.
University of Zurich





Coupling imaging spectroscopy and ecosystem process
modelling: the importance of spatially distributed foliar
biochemical concentration estimates for modelling NPP of
grassland habitats
Psomas, A; Kneubühler, M; Huber, S; Itten, K I; Zimmermann, N E
Psomas, A; Kneubühler, M; Huber, S; Itten, K I; Zimmermann, N E. Coupling imaging spectroscopy and ecosystem
process modelling: the importance of spatially distributed foliar biochemical concentration estimates for modelling
NPP of grassland habitats. In: 2008 IEEE International Geoscience &amp; Remote Sensing Symposium, Boston,
US, 06 July 2008 - 11 July 2008, 315-318.
Postprint available at:
http://www.zora.uzh.ch
Posted at the Zurich Open Repository and Archive, University of Zurich.
http://www.zora.uzh.ch
Originally published at:
2008 IEEE International Geoscience &amp; Remote Sensing Symposium, Boston, US, 06 July 2008 - 11 July 2008,
315-318.
Psomas, A; Kneubühler, M; Huber, S; Itten, K I; Zimmermann, N E. Coupling imaging spectroscopy and ecosystem
process modelling: the importance of spatially distributed foliar biochemical concentration estimates for modelling
NPP of grassland habitats. In: 2008 IEEE International Geoscience &amp; Remote Sensing Symposium, Boston,
US, 06 July 2008 - 11 July 2008, 315-318.
Postprint available at:
http://www.zora.uzh.ch
Posted at the Zurich Open Repository and Archive, University of Zurich.
http://www.zora.uzh.ch
Originally published at:
















,QIRUPDWLRQ RQ FDQRS\ FKHPLFDO FRQFHQWUDWLRQV LV RI JUHDW
LPSRUWDQFH IRU WKH VWXG\ RI QXWULHQW F\FOLQJ SURGXFWLYLW\
DQG IRU LQSXW WR HFRV\VWHP SURFHVV PRGHOV ,Q SDUWLFXODU
IROLDU &DUERQ WR 1LWURJHQ UDWLR &1 GULYHV WHUUHVWULDO
ELRJHRFKHPLFDO SURFHVVHV VXFK DV GHFRPSRVLWLRQ DQG
PLQHUDOL]DWLRQ DQG WKXV VWURQJO\ LQIOXHQFHV VRLO RUJDQLF
PDWWHU FRQFHQWUDWLRQV DQG WXUQRYHU UDWHV 7KLV VWXG\
HYDOXDWHGWKHHIIHFWVRIXVLQJVSDWLDOHVWLPDWHVRIIROLDU&1
GHULYHG IURP K\SHUVSHFWUDO UHPRWH VHQVLQJ IRU VLPXODWLQJ
133E\PHDQVRIWKHHFRV\VWHPSURFHVVPRGHO%LRPH%*&
7KHPDLQ REMHFWLYHV RI WKLV VWXG\ZHUH WR FDOLEUDWH VSDWLDO
VWDWLVWLFDO PRGHOV IRU WKH SUHGLFWLRQ RI IROLDU &1 IRU
JUDVVODQG KDELWDWV DW WKH UHJLRQDO VFDOH XVLQJ DLUERUQH
+\0DSK\SHUVSHFWUDOGDWDWRXVHWKHIROLDU&1SUHGLFWLRQV
DV LQSXW WR WKH HFRV\VWHP SURFHVV PRGHO %LRPH%*& DQG
GHULYH133HVWLPDWHVDQGILQDOO\WRFRPSDUHWKHVHUHVXOWVWR
133HVWLPDWHVGHULYHGXVLQJ&1YDOXHUHSRUWHGLQOLWHUDWXUH
DQG GHULYHG IURP ILHOG PHDVXUHPHQWV 5HVXOWV IURP WKLV
UHVHDUFK LQGLFDWH WKDW 133 HVWLPDWHV XVLQJ WKH +\0DS
SUHGLFWHG &1 GLIIHUHG VLJQLILFDQWO\ IURP WKRVH ZKHQ &1
YDOXHVIURP³JOREDO´RU³UHJLRQDO´PHDVXUHPHQWVZHUHXVHG
([WHQGLQJWKHFXUUHQWUHVHDUFKWREURDGHUVSDWLDOVFDOHVFDQ








8QGHUVWDQGLQJ WKH HIIHFWV RI QDWXUDO DQG DQWKURSRJHQLF
FKDQJHV RQ RXU HQYLURQPHQW UHTXLUHV DFFXUDWH HVWLPDWHV RI
QHW SULPDU\ SURGXFWLYLW\ 133 RI WHUUHVWULDO  HFRV\VWHPV
DORQJZLWKLQIRUPDWLRQRQLWVVSDWLDODQGVHDVRQDOYDULDELOLW\
>@ )RU 133 HVWLPDWHV XQGHU SDVW DQG IXWXUH FOLPDWH
VFHQDULRV DQG RYHU UHJLRQDO RU JOREDO VFDOHV VLPXODWLRQ
PRGHOV DUH UHTXLUHG >@ (FRV\VWHP SURFHVV PRGHOV DUH
VLPSOLILHG YHUVLRQV RI UHDOLW\ WKDW VLPXODWH ZDWHU FDUERQ
QXWULHQW F\FOHV DQG WKH ORFDWLRQ RI  JOREDO FDUERQ VRXUFHV
DQG VLQNV XQGHU FXUUHQW DQG KLVWRULFDO FOLPDWH >@ 6XFK
PRGHOVUHTXLUHGDWDWRSDUDPHWHULVHWKHPGULYHWKHPDQGLI
SRVVLEOHYDOLGDWHWKHP>@2YHUUHJLRQDODQGJOREDOVFDOHV
UHPRWH VHQVLQJ SURYLGHV WKH RQO\ SUDFWLFDO VRXUFH RI VXFK
LQIRUPDWLRQ>@
6HYHUDO VWXGLHV H[LVW ZKHUH NH\ VWUXFWXUDO DQG
SK\VLRORJLFDO SDUDPHWHUV HVWLPDWHG IURP UHPRWH VHQVLQJ
GDWDZHUHXVHGDVLQSXWVWRHFRV\VWHPSURFHVVPRGHOV7KHVH
SDUDPHWHUV ZHUH /$, DERYHJURXQG ELRPDVV $3$5 DQG
ODQGXVH FODVVLILFDWLRQV >@ +RZHYHU DQRWKHU LPSRUWDQW
SDUDPHWHUWKDWFRQWUROVWHUUHVWULDOELRJHRFKHPLFDOSURFHVVHV
LVIROLDUFDQRS\FKHPLVWU\>@,QSDUWLFXODUIROLDU&DUERQ
WR 1LWURJHQ UDWLR GULYHV ELRJHRFKHPLFDO SURFHVVHV VXFK DV
GHFRPSRVLWLRQ DQG PLQHUDOL]DWLRQ VWURQJO\ LQIOXHQFLQJ VRLO
RUJDQLFPDWWHU FRQFHQWUDWLRQV DQG WXUQRYHU UDWHV<HW&1
YDOXHVXVHGDV LQSXW WRHFRV\VWHPPRGHOVDUHGHULYHGIURP
PHDQ YDOXHV RI JOREDO SRLQW PHDVXUHPHQWV VFUHHQHG
WKURXJKRXWWKHOLWHUDWXUH*LYHQWKHLPSRUWDQFHRIIROLDU&1
IRU WHUUHVWULDO FDUERQ F\FOLQJ WKHUH LV D QHHG IRU VSDWLDOO\
H[SOLFLW GDWD WR EH FRXSOHGZLWK HFRV\VWHPSURFHVVPRGHOV
IRUDEHWWHU LQVLJKWRQWKHVSDWLDOSDWWHUQRIELRJHRFKHPLFDO
SURFHVVHV
+\SHUVSHFWUDO UHPRWH VHQVLQJ VHQVRUV RIIHU WKH
SRWHQWLDO WR HVWLPDWH IROLDU ELRFKHPLVWU\ >@ 7KH FXUUHQW
VWXG\HYDOXDWHVWKHHIIHFWVRIXVLQJVSDWLDOHVWLPDWHVRIIROLDU
&1 GHULYHG IURP K\SHUVSHFWUDO UHPRWH VHQVLQJ IRU
VLPXODWLQJ 133 RI JUDVVODQGV E\ PHDQV RI WKH HFRV\VWHP
SURFHVV PRGHO %LRPH%*& 7KH PDLQ REMHFWLYHV RI WKLV
VWXG\DUHWRFDOLEUDWHVWDWLVWLFDOPRGHOVIRUWKHSUHGLFWLRQRI
JUDVVODQG IROLDU &1 DW WKH UHJLRQDO VFDOH XVLQJ DLUERUQH
+\0DSK\SHUVSHFWUDOGDWDWRXVHWKHIROLDU&1SUHGLFWLRQV
DV LQSXW WR WKH HFRV\VWHP SURFHVV PRGHO %LRPH%*& WR
GHULYH133 HVWLPDWHV DQG WR FRPSDUH WKHVH UHVXOWV WR133
HVWLPDWHV GHULYHG XVLQJ &1 YDOXHV IURP ³JOREDO´ RU
³UHJLRQDO´ILHOGPHDVXUHPHQWV
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7KHVWXG\DUHDZDV ORFDWHG LQWKH&HQWUDOSDUWRI WKH6ZLVV
3ODWHX ¶ ( ¶1 *UDVVODQG VDPSOHV ZHUH
FROOHFWHGIURPIRXUFKDUDFWHULVWLFJUDVVODQGW\SHVSUHYLRXVO\
PDSSHG LQ D QDWLRQDO PDSSLQJ FDPSDLJQ >@ 7KHVH IRXU
VHPLQDWXUDO JUDVVODQG W\SHV KDG GLIIHUHQFHV LQ VSHFLHV
FRPSRVLWLRQ DQG QXWULHQW DYDLODELOLW\ WKXV HQDEOLQJ WKH
FROOHFWLRQRIDZLGHUUDQJHRIIROLDUFKHPLVWU\VDPSOHV7KH





7R GHWHUPLQH IROLDU & DQG 1 FRQFHQWUDWLRQV JUDVVODQG
VDPSOHV ZHUH FROOHFWHG RQ  SORWV RQH GD\ DIWHU WKH
K\SHUVSHFWUDO LPDJHDFTXLVLWLRQ7KHVDPSOLQJSORWVKDGDQ
DUHD RI [ PHWHUV DQG ZHUH KRPRJHQRXV LQ VSHFLHV
FRPSRVLWLRQ DQG FRYHU *UDVVODQG VDPSOHV IURP VHYHUDO
UDQGRPO\ VHOHFWHG VSRWVZLWKLQ HDFK SORWZHUH FOLSSHG DQG
FROOHFWHG LQ SDSHU EDJV IRU ODERUDWRU\ DQDO\VLV 6DPSOHV
ZHUHGULHGLQWKHRYHQDW&IRUKWKHQJURXQGWRSRZGHU





,PDJLQJ VSHFWURPHWHU GDWD ZHUH UHFRUGHG RYHU WKH VWXG\
DUHD RQ WKH WK -XO\  XVLQJ+\9LVWD¶V +\SHUVSHFWUDO
0DSSLQJ ,PDJLQJ 6SHFWURPHWHU +\0DS 7KH +\0DS
VHQVRUZDVIORZQDWDQDOWLWXGHRIPDQGDFTXLUHGGDWD
LQ  ZDYHEDQGV IURP  WR  QP ZLWK D VSHFWUDO
UHVROXWLRQRI±QP2QH[NPVFHQHZDVDFTXLUHG
ZLWK VSDWLDO UHVROXWLRQ RI  P +\0DS DWVHQVRU UDGLDQFH
ZDV WUDQVIRUPHG WR DSSDUHQW VXUIDFH UHIOHFWDQFH XVLQJ WKH
$7&25VRIWZDUHDQG WKH LPDJLQJVSHFWURPHWHUGDWDZHUH
RUWKRUHFWLILHGEDVHGRQWKHSDUDPHWULFJHRFRGLQJSURFHGXUH











3DUWLDO OHDVW VTXDUHV 3/6 UHJUHVVLRQZDVXVHG WRFDOLEUDWH
VWDWLVWLFDOPRGHOVIRUHVWLPDWLQJIROLDU1FRQFHQWUDWLRQIURP
K\SHUVSHFWUDO UHIOHFWDQFH >@ 5HJUHVVLRQ DQDO\VLV ZDV
SHUIRUPHG EHWZHHQ WKH IROLDU 1 FRQFHQWUDWLRQV
PHDVXUHPHQWV DQG D WKH UHIOHFWDQFH VSHFWUD DQG E WKH
FRQWLQXXPUHPRYHGUHIOHFWDQFHVSHFWUDH[WUDFWHGIRUWKH
VDPSOLQJ SORWV $ IROG FURVVYDOLGDWLRQ SURFHGXUH ZDV
XVHGWRVHOHFWWKHRSWLPDOQXPEHURI3/6IDFWRUYDULDEOHVWR
EH XVHG LQ WKH UHJUHVVLRQ PRGHOV >@ 2QFH WKH RSWLPDO
QXPEHU RI 3/6 IDFWRU YDULDEOHV ZHUH VHOHFWHG WKH PRGHO







133 HVWLPDWHV IRU WKH VWXG\ DUHDZHUH VLPXODWHG XVLQJ WKH
%LRPH±%*&HFRV\VWHPSURFHVVPRGHO%LRPH%*&>@LV
D GHWHUPLQLVWLF SURFHVVEDVHG HFRV\VWHP PRGHO WKDW
VLPXODWHVDERYHDQGEHORZJURXQGGDLO\ VWRUDJHDQGIOX[HV
RIFDUERQQLWURJHQDQGZDWHURIYDULRXVWHUUHVWULDOELRPHV
%LRPH%*& ZDV DSSOLHG LQ D VSDWLDOO\ GLVWULEXWHG PRGH
LHFHOOE\FHOODWWKHPUHVROXWLRQRIWKH+\0DSSL[HO
)RU HDFK [ P SL[HO GDLO\ PHWHRURORJLFDO GDWD
HFRSK\VLRORJLFDO H[FHSW &1 UDWLR LQ OLYH IROLDU DQG
DOORPHWULFYDULDEOHVZHUHKHOGFRQVWDQW IRU WKHZKROHVWXG\
DUHD 'DLO\ PHWHRURORJLFDO GDWD IRU WKH VWXG\ DUHD ZHUH
JHQHUDWHGZLWK07&/,0>@XVLQJPHDVXUHPHQWVRID
FORVHE\ PHWHRURORJLFDO VWDWLRQ IRU WKH \HDUV 
,QSXW HFRSK\VLRORJLFDO SDUDPHWHUV ZHUH EDVHG RQ WKH
OLWHUDWXUHUHYLHZE\:KLWHHWDO>@6RLOSURSHUWLHVUHTXLUHG
IRUPRGHO LQLWLDOLVDWLRQ LH VDQG VLOW DQG FOD\ SHUFHQWDJH
E\ YROXPH RI URFNIUHH VRLO ZHUH DYDLODEOH LQ D VSDWLDOO\
H[SOLFLWIRUP
 ,Q WKLV VWXG\ WKUHH IROLDU &1 UDWLR VFHQDULRV ZHUH
DSSOLHG )LUVW WKH ³*OREDO &1´ VFHQDULR ZKHUH WKH &1
YDOXHLH&1*/2 ZDVEDVHGRQWKHOLWHUDWXUHUHYLHZ
E\:KLWH HW DO >@ 6HFRQG WKH³5HJLRQDO &1´ VFHQDULR
ZKHUHWKH&1YDOXHLH&15(* ZDVWKHPHDQRI
WKH&1YDOXHVPHDVXUHGDWWKHVDPSOLQJSORWV7KLUGWKH
³+\0DS &1´ VFHQDULR ZKHUH WKH &1 YDOXHV ZHUH WKH
UHVXOWRIDFRQVWDQW&&17YDOXHLHPHDQ&YDOXHPHDVXUHG
DW WKH  VDPSOLQJ SORWV &&17    DQG WKH 1





 2QFH WKH LQSXW SDUDPHWHUVZHUH HVWDEOLVKHG D VSLQXS
UXQ RI WKH %LRPH%*& PRGHO ZDV SHUIRUPHG XQWLO
HTXLOLEULXP EHWZHHQ OHYHOV RI QHW HFRV\VWHP FDUERQ
H[FKDQJH ZHUH UHDFKHG )URP WKDW VWDWH DQRWKHU UXQ ZDV
SHUIRUPHG WR VLPXODWH GDLO\ FDUERQ H[FKDQJHSURFHVVHV IRU
WKH SHULRG  DQG HVWLPDWHV RI \HDUO\ 133 RI WKH
VWXG\DUHDZHUHGHULYHG7RFRPSDUHWKHGLIIHUHQW&1UDWLR
VFHQDULRVZHUDQGRPO\VHOHFWHGSL[HOVDQGH[WUDFWHGWKH
%LRPH%*& 133 HVWLPDWLRQV IRU HDFK VFHQDULR :H WKHQ
SHUIRUPHG DSDLUHG WWHVWEHWZHHQ WKH133YDOXHV WRFKHFN
IRUVWDWLVWLFDOVLJQLILFDQWGLIIHUHQFHV
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5(68/76

'HVFULSWLYH VWDWLVWLFV RI IROLDU 1 DQG & FRQFHQWUDWLRQ
IURP WKH JUDVVODQG VDPSOHV FROOHFWHG DW WKH  SORWV DUH
UHSRUWHG LQ 7DEOH  +LJK YDULDELOLW\ LV REVHUYHG IRU 1
FRQFHQWUDWLRQ UHIOHFWLQJ WKH GLIIHUHQFHV LQ QXWULHQW
DYDLODELOLW\DPRQJWKHGLIIHUHQWJUDVVODQGW\SHVVDPSOHG

7DEOH  6XPPDU\ VWDWLVWLFV RI PHDVXUHG IROLDU ELRFKHPLFDO
FRQFHQWUDWLRQVDWJUDVVODQGSORWVDWWKHVWXG\DUHD
  'U\:HLJKW
 Q 0HDQ 6WGHY 0LQ 0D[ 5DQJH
)ROLDU1
FRQFHQWUDWLRQ      
)ROLDU&
FRQFHQWUDWLRQ      

5HVXOWVIURPWKH3/6UHJUHVVLRQPRGHOOLQJXVLQJ+\0DS
D UHIOHFWDQFH VSHFWUD DQG E FRQWLQXXPUHPRYHG
UHIOHFWDQFH VSHFWUD ZLWK JUDVVODQG IROLDU 1 VDPSOHV
LQGLFDWHG WKDW UHJUHVVLRQ PRGHOV GHYHORSHG IURP +\0DS
FRQWLQXXPUHPRYHGUHIOHFWDQFHZHUHFRQVLVWHQWO\EHWWHUWKDQ
PRGHOV GHYHORSHG IURP DEVROXWH UHIOHFWDQFH VSHFWUD 7KH
RSWLPDO3/6PRGHOIRUSUHGLFWLQJIROLDU1FRQFHQWUDWLRQZDV
WKHRQHZLWKIRXUIDFWRUV7KLVPRGHODFFRXQWHGIRU






)LJXUH 'LVWULEXWLRQ RI &1 UDWLR YDOXHV IRU WKH VWXG\ DUHD
&1 UDWLR ZDV FDOFXODWHG XVLQJ D FRQVWDQW FDUERQ FRQFHQWUDWLRQ
&&17    DQG WKH QLWURJHQ FRQFHQWUDWLRQ SUHGLFWLRQV RI WKH
+\0DSIRXUIDFWRU3/6UHJUHVVLRQPRGHO

8VLQJ D FRQVWDQW FDUERQ FRQFHQWUDWLRQ LH &&17  
DQGWKHSUHGLFWHGIROLDU1FRQFHQWUDWLRQRIWKHIRXU
IDFWRU 3/6 PRGHO &1 UDWLR IRU HYHU\ [ P SL[HO ZDV
FDOFXODWHG'LVWULEXWLRQ RI WKH&1 YDOXHV DFURVV WKH VWXG\




WKH ZKROH VWXG\ DUHD XVLQJ WKH GLIIHUHQW &1 VFHQDULRV 133
HVWLPDWHV DUH IRU WKH \HDU  DQG GLIIHUHQW OHWWHUV UHSUHVHQW D
VLJQLILFDQW GLIIHUHQFH EHWZHHQ PHDQ 133 HVWLPDWHV RI WKH WKUHH
&1VFHQDULRVFDOFXODWHGIURPSDLUHGWWHVWVDWS 

(YHQ WKRXJK %LRPH%*& 133 HVWLPDWHV FRYHUHG WKH
SHULRGFRPSDULVRQRIWKH&1VFHQDULRVLVGRQH




133 YDOXHV ZLWK ORZHVW PHDQ HVWLPDWHV SURGXFHG E\ WKH
*OREDO&1 VFHQDULR J&P\HDU7KH5HJLRQDO&1
DQG+\0DS&1VFHQDULRVSURGXFHGPHDQ133RIDQG
 J&P\HDU UHVSHFWLYHO\ 6WDWLVWLFDO DQDO\VHV RI WKHVH
UHVXOWV UHYHDOHG VLJQLILFDQW GLIIHUHQFHV EHWZHHQ 133
HVWLPDWHV RI DOO WKH GLIIHUHQW &1 VFHQDULRV )XUWKHUPRUH
UHVXOWV LQGLFDWHG WKDWPRUHWKDQRIWKHWRWDOVWXG\DUHD
KDG KLJKHU 133 HVWLPDWHV ZLWK D PHDQ LQFUHDVH RYHU WKH
ZKROH VWXG\ DUHDRI J&P\HDUZKHQ WKH+\0DS&1








8VH RI WKH WKUHH VFHQDULRV KDG D FRQVLGHUDEOH HIIHFW RQ
WKHUDQJHRI133YDOXHVDFURVVWKHVWXG\DUHD,QSDUWLFXODU
WKH UDQJHRI YDOXHV IRU WKH*OREDO&1  DQG5HJLRQDO&1
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VFHQDULRVZDVOLPLWHGIURPDQGJ&P\HDUWR
DQGJ&P\HDUUHVSHFWLYHO\2QWKHFRQWUDU\XVHRIWKH
+\0DS &1  VFHQDULR DV LQSXW WR WKH %LRPH%*& PRGHO
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